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mobile station with such an antenna structure 



(57) The invention relates to a method for coupling 
a signal to an antenna structure, as well as to an antenna 
structure., which comprises at least two antenna ele- 
ments (101, 102), a ground plane (105) for grounding 
the antenna structure, a coupling line (106) for coupling 
a first antenna element and a second antenna element 
to each other, and a feeding line (107) for feeding the 
antenna structure through one feeding point. The first 
antenna element (1 01 ) is next to the ground plane and 
perpendicular to the ground plarie^105). The second 



antenna element (102) is above the ground plane and 
parallel to the ground plane. The first antenna element 
is arranged to receive information on a reception band 
of a broadband radio system and the second antenna 
element is arranged to transmit information on a trans- 
mission band of said broadband radio system. By ar- 
ranging the second antenna element to be adjustable 
and by adding antenna element to the antenna struc- 
ture, the antenna structure according to the invention 
can be used, for example, in mobile stations of 2 nd and 
3 rd generation mobile communication systems. 
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Description 

Field of the invention 

[0001] The present invention relates to small-sized 
microstrip antennas that operate on many different fre- 
quency bands. In particular, the invention relates to in- 
ternal antennas used in mobile phones, which are fed 
from one feeding point. 

Background of the Invention 

[0002] In the present patent application, a frequency 
range comprises one or more frequency bands, i.e. a 
frequency band is part of the frequency range. Further- 
more, by the reception band is meant a frequency band 
reserved for downlink data transmission and by the 
transmission band is meant a frequency band reserved 
for uplink data transmission. 

[0003] In mobile stations, there is going on a change- 
over to terminals that operate in several frequency rang- 
es. Solutions of several frequency ranges like this in- 
clude so-called dual band terminals currently in use, 
which operate in two frequency ranges. 
[0004] Dual band terminals have been implemented 
by both an external and internal antenna. The external 
antenna, which can be, for example, monopole, helix or 
theircombination, is demanding as for its manufacturing 
technique, and it breaks easily. Therefore, in mobile sta- 
tions, there is going on an increasing changeover to in- 
ternal antenna structures implemented by microstrip an- 
tennas. The advantage of internal antennas compared 
to external antennas is the ease of the manufacturing 
technique and the speeding up of the serial production 
as the degree of integration increases, as well as the 
more durable structure than that of the external anten- 
nas. 

[0005] A conventional microstrip antenna comprises 
a ground plane and a radiating antenna element that is 
insulated from the ground plane by an insulating layer. 
The resonance frequency of the microstrip antenna is 
determined on the basis of the physical dimensions of 
the antenna element and the distance between the an- 
tenna element and the ground plane. The operating 
principle and dimensioning of microstrip antennas are 
well known and they are described in the literature re- 
lating to the field. 

[0006] Figures 1 a and 1 b show a microstrip antenna 
and an L-plane antenna according to prior art, which 
hereinafter in the present patent application .will be 
called an L-antenna. 

[0007] The microstrip antenna consists of a ground 
plane, a radiating antenna element, as well as a feeding 
line. In between and above the ground plane and the 
antenna element, there is either air or some other die- 
lectric agent as an insulating material. 
[0008] Traditionally, the L-antenna is a whip antenna 
that is bent near the ground plane parallel to the ground 



plane, whereupon the antenna-has a low feed imped- 
ance. It is also possible to build of the L-antenna a micro- 
strip antenna that consists of a ground plane, a radiating 
antenna element as well as a feeding line. 
s [0009] Normally, the length of the resonant proportion 
of the antenna in wavelengths is defined as the differ- 
ence between the microstrip antenna and the L-anten- 
na. The electric length of the microstrip antenna is half 
a wavelength whereas, Jraditionally, the electric length 
10 of the L-antenna is a quarter of a wavelength. From the 
electric length of the L-antenna it follows that the maxi- 
mum current of the L-antenna is at the input. 
[0010] Normally, the microstrip antenna is made on a 
double-sided substrate, one metallisation of which acts 
15 as the ground plane and on the other, the pattern of the 
antenna element is made by etching. The antenna ele- 
ment is fed by the feeding line, which is coupled to the 
antenna element either from one side (Figure 1 a) or by 
taking the feeding line through the ground plane and the 
insulating material (Figure 1 b). The resonance frequen- 
cy of the microstrip and L-antennas is affected by the 
physical dimensions of the antenna element, the place 
of the feeding point, as well as, to some extent, the lo- 
cation of the antenna element with respect to the ground 
25 plane. 

[0011] The size of the microstrip antenna has been 
reduced by developing a so-called PIFA antenna (PIFA, 
Planar Inverted F-Antenna), shown in Figure 2b. In the 
PIFA antenna, the antenna element is coupled to the 

30 ground plane by a grounding line. This being the case, 
the actual antenna element can be dimensioned so that 
it is considerably smaller than in the case of the micro- 
strip antenna. Furthermore, by optimising the place of 
the feeding point, the feed impedance of the antenna 

35 can be changed to the desired impedance level, which 
is not possible in the L-antenna. TheTesonance fre- 
quency of the PIFA antenna is affected by the physical 
dimensions of the antenna element and the ground 
plane, as well as by the distance of the antenna element 

40 from the ground plane. The antenna element is fed ei- 
ther from one side (Figure 2a) or by taking the feeding 
line through the ground plane and the insulating material 
(Figure 2b). When narrowing the width of the grounding 
line, the resonance frequency of the antenna decreas- 

45 es. The grounding line can be as wide as the whole an- 
tenna element or, at its narrowest, merely a conductor. 
[0012] Furthermore, it is well known to feed a micro- 
strip antenna capacitively. In a capacitively fed micros- 
trip antenna, there is a feeding element in between the 

so antenna element and the ground plane, whereupon a 
capacitive coupling is formed between the antenna ele- 
ment and the feeding element. The feeding line is cou- 
pled to the feeding element, which radiates power fur- 
ther to the antenna element. The capacitive coupling 

55 can be implemented both in the microstrip antenna (Fig- 
ure 3) and the PIFA antenna "(Figure* 4). 
[0013] The problem of microstrip antennas is the nar- 
row bandwidth. The frequency ranges of 2 nd generation 
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mobile communication systems are reasonably narrow 
and, therefore, they can be implemented by microstrip 
antennas. For example, the frequency range of the GSM 
system is 890-960 MHz, wherein a transmission band 
is 890 - 915 MHz and a reception band is 935 - 960 MHz. 
Thus, the bandwidth required of one antenna element 
is no less than 70 MHz. Due to the production tolerances 
and the objects in the vicinity of the antenna, for exam- 
ple, the hand of a user, the bandwidth of the antenna 
element must be even wider. The frequency ranges re- 
quired by 3 rd generation mobile communication sys- 
tems, for example, broadband GDMA systems are still 
considerably wider than, for example, the GSM system's 
and, therefore, their implementation with microstrip an- 
tennas is difficult. For example, a transmission band of 
the WCDMA system is 1 920 - 1 980 MHz and a reception 
band is 211 0 - 21 70 MHz. This being the case, the whole 
width of the frequency range is 250 MHz. This is why 
the bandwidth of microstrip antennas according to prior 
art described above has been increased as far as pos- 
sible with solutions, where several resonance frequen- 
cies close to each other are implemented in one antenna 
element. 

[0014] Solutions are known from prior art, where sev- 
eral resonance frequencies close to each other are im- 
plemented in one antenna element. In one solution, the 
number of resonance frequencies is increased by add- 
ing slots to the antenna element. However, the slots eas- 
ily act in the case of small antennas as slot radiators, 
whereupon antenna elements that are resonating close 
to each other are strongly coupled to each other and 
form a resonator around the slot. This further follows that 
at the frequency in question the radiation resistance is 
low and the current densities in the vicinity of the slot 
are high, whereupon the loss of the antenna increases. 
Consequently, the adding of the bandwidth of a micros- 
trip antenna in the manner in question only succeeds at 
the cost of gain and radiation efficiency. Hence, with the 
solution in question, for example, the gain values re- 
quired by 3^ generation broadband CDMA systems 
cannot be achieved. 

[0015] Of the microstrip antennas described above, 
an attempt has also been made to develop antenna 
structures that operate in several frequency ranges. For 
example, an antenna structure of two frequency ranges 
can be implemented by one common feeding point and 
an antenna element the resonance frequency of which 
can be adjusted by a switch and an electric load to the 
frequency range of another mobile comm jnication sys- 
tem. A second alternative is to use. one antenna element 
and two separate feeding points, whereupon two "differ- 
ent resonance frequencies are generated in the antenna 
element. A third alternative is to use two antenna ele- 
ments, which are coupled to a common feeding point. 
In this case, both antenna elements have one reso- 
nance frequency. 

[0016] Figure 5 shows a PIFA antenna of two frequen- 
cy ranges according to prior art, which is fed from one 



feeding point. The resonance frequency of the antenna 
element is adjusted either by coupling in between the 
antenna element and the ground plane an electric load. 
Alternatively, the load can also be coupled as part of the 
5 feeding line. The load can be some reactive component, 
for example, a capacitance or inductance. The size of 
the change in the .resonance frequency is determined 
on the basis of the electric load. 

[0017] A solution according to Figure 5 is described, 
10 for example, in the publication "Electrical Tuning of In- 
tegrated Mobile Phone Antennas," Louhos, J-P, Panki- 
naho, I, Proceedings of The 1999 Antenna Applications 
Symposium, Allerton Park, Monticello, Illinois, Septem- 
ber 15-17,1999. In the solution in question, it is possible 
15 to operate with one PIFA antenna element both on a 
transmission and reception band of the GSM900 sys- 
tem. The antenna element is dimensioned so that the 
first resonance frequency is selected from the reception 
band of the GSM900 system. The resonance frequency 
20 is adjusted to a tower resonance frequency by coupling 
the capacitive load C with a switch S between the an- 
tenna element and the ground plane, whereupon the 
resonance frequency of the antenna element changes 
to the transmission band of the GSM900 system. 
25 [0018] Figures 6 and 7 describe the antenna struc- 
tures described in the publication "Dual Frequency Pla- 
nar Inverted F-Antenna" (Liu Z., et al., IEEE Transac- 
tions on Antennas & Propagation, No. 10, October 1 997, 
pages 1451 - 1458), wherein two resonance frequen- 
ce? cies are implemented in one PIFA antenna. 

[0019] In the solution according to Figure 6, from a 
PIFA antenna E1, a part E2 is separated, which is di- 
mensioned for a higher frequency range. The first an- 
tenna element E1 is fed from a feeding point F1 and the 
35 second antenna element E2 is fed from a second feed- 
ing point F2. Both antenna elements are grounded and 
dimensioned so that they have different resonance fre- 
quencies. For grounding, a plurality of ground pins G1 , 
G2 are used. The antenna elements' polarisations are 
40 the same. 

[0020] In the solution according to Figure 7, the an- 
tenna elements are coupled to each other, whereupon 
one antenna element E3 is formed, which is fed from 
one feeding point F3. For grounding, a plurality of 
ground pins G3, G4, G5 are used. In this case, in one 
slotted PIFA antenna, two resonance frequencies can 
be implemented. However, the dimensioning of the an- 
tenna elements becomes considerably more difficult, 
because the antenna elements are coupled to the same 
50 feeding point and the antenna elements' gain, imped- 
ance and bandwidths depend on each other. Also in this 
solution, the antenna elements' polarisations are the 
same. 

[0021] The advantage of one feeding point compared 
55 to solutions of a plurality of feeding points is that the- :.- 
manufacturing of the antenna elements becomes easier 
and the need for contact surf ades decreases. The re- 
quired area also becomes smaller. In addition, produc- 
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tion, operators and the authorities want to measure the 
operation of an antenna, as well as the strength and 
quality of the signal transmitted and received by a mo- 
bile phone from one feeding point. 
10022] In the case of one feeding point and several 
antenna elements, the biggest problem is the inter-cou- 
pling of the antenna elements, which impairs the radia- 
tion efficiency of the antenna structure. Due to the inter- 
coupling of the antenna elements, from the antenna el- 
ement that operates at a first frequency range, power is 
coupled to the antenna element of a second frequency 
range and vice versa. Therefore, in the solutions of sev- 
eral antenna elements in question : the harmful inter- 
coupling of antenna elements must be reduced in order 
to achieve good radiation efficiency. 
[0023] In the solutions according to prior art described 
above, the antenna elements are parallel to the ground 
plane, whereupon the coupling between the antenna el- 
ements and the ground plane is highly capacitive. The 
capacitive coupling in turn follows that the antenna ele- 
ments are unilateral. The transmitting antennas used in 
mobile stations should be unilateral, whereas their re- 
ceiving antennas should be as isotropic, i.e. omnidirec- 
tional as possible. For example, the antenna structure 
according to Figure 5 operates well when information is 
transmitted from a mobile station to a base transceiver 
station, but information transmitted by the base trans- 
ceiver station should be received in all the different op- 
erating positions of the phone. 

[0024] Although, in the solutions mentioned above, it 
is possible to change from one frequency range into an- 
other, the solutions are implemented in the GSM sys- 
tem, i.e. with reasonably narrow bandwidths. In addition, 
the antenna elements are unilateral, whereupon they do 
not necessarily operate sufficiently well when receiving 
a broadband signal. On the other hand, the problem with 
the antenna structure of two antenna elements fed from 
one feeding point is, in addition to those mentioned 
above, also the inter-coupling of the antenna elements. 
Hence, it has not been possible to implement antenna 
solutions required by 3 rd generation mobile stations that 
meet the gain, radiation efficiency and bandwidth val- 
ues, by microstrip antennas according to prior art. 
[0025] Due to the factors mentioned above, by micro- 
strip antennas according to prior art, it has neither been 
possible to implement an antenna structure comprising 
one feeding point that would operate optimally enough 
in both 2 nd and 3 rd generation mobile stations. 

Summary of the Invention 

[0026] In the present invention, an antenna structure 
fed from one feeding point that operates on several dif- 
ferent frequency bands with which in addition to a good 
bandwidth also unilaterality in transmitting and isotropy 
in receiving is achieved, is implemented in a new way 
The antenna structure's gain and radiation efficiency are 
made good by reducing the interfering inter-coupling of 



the antenna elements. In addition, due to the positioning 
of the antenna elements, the space required by the 
whole antenna structure is smaller compared to the an- 
tennas of a corresponding frequency range. Conse- 
5 quently it is easy to position an antenna structure ac- 
cording to the invention, for example, inside a mobile 
phone or an antenna unit to be coupled to a mobile 
phone. 

[0027] The objectives_of the invention are achieved 
10 by both a new frequency band solution and a new posi- 
tioning of antenna elements, which enables the imple- 
mentation of an antenna structure that operates on a 
broad band. In the frequency band solution, the anten- 
na's transmitting antenna element of a lower frequency 
15 range is more unilateral than the receiving antenna el- 
ement of a higher frequency range. In addition, the po- 
sitioning of antenna elements according to the invention 
reduces the inter-coupling between at least two antenna 
elements, whereupon the antenna structure's gain and 

20 radiation efficiency become good. 

[0028] The basic idea of the invention is to use, in- 
stead on one transmitting and receiving antenna ele- 
ment, two antenna elements coupled to each other with 
a coupling line so that a first antenna element is used to 

25 receive information from a reception band of a first radio 
system and a second antenna element is used to trans- 
mit information on a transmission band of the first radio 
system. In a preferred embodiment of the invention, the 
first reception band is a reception band of some broad- 

30 band CDMA system of a 3 rd mobile station generation 
and the first transmission band is a transmission band 
of the same broadband CDMA system. In this way, the 
antenna structure is made to operate on a broad band 
and it is possible to operate in a broad frequency range. 

35 [0029] According to the invention, the antenna ele- 
ments are positioned.so that the first antenna element, 
which preferably is a receiving antenna element, is on 
the side of the ground plane and perpendicular to the 
ground plane and the second antenna element, which 

40 preferably is a transmitting antenna element, is in turn 
above the ground plane and parallel to the ground plane. 
This being the case, the first antenna element can be 
made omnidirectional and the second antenna element 
unilateral. There is also little harmful inter-coupling be- 

45 tween the antenna elements, whereupon a good gain 
and radiation efficiency are achieved by the antenna 
structure. 

[0030] Harmful inter-coupling can be further reduced 
by designing the polarisations of the first and second 
50 antenna elements to differ from each other, whereupon 
a good polarisation attenuation is produced between the 
antenna elements. 

[0031] By improving the coupling between the reso- 
nances of. the first antenna.and the ground plane, the_ 
55 efficiency and omnidirectional ity of the antenna can be 
improved on the reception band. This can be best im- 
plemented so that the open end of the first antenna el- 
ement is located in the vicinity of the upper edge of the 
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. printed board, whereupon the electric fields of the an- 
tenna and the ground plane are strongly coupled to each 
other at the "open- end of both radiators. This being. the 
case, the antenna element acts as a feeding element 
for the ground plane, which acts as a main radiator. 5 
[0032] The coupling between the second antenna el- 
ement and the ground plane can again be reduced by 
placing the second antenna element on the ground 
plane so that the open end, feeding point and ground 
point of the second antenna element are located more io 
in the centre of the ground plane. In this case, according 
to a preferred embodiment, the antenna structure can 
be placed in a mobile station that has, for example, a 
camera and a GPS antenna. 

[0033] In the preferred solution, the adaptation of the is 
first antenna element can be improved further by de- 
signing a coupling line connecting the antenna elements 
from the input to the second antenna element and a 
grounding line reaching from the second antenna ele- 
ment to the ground so that their common electric length 20 
is a quarter of a wavelength at the resonance frequency 
of the first antenna. This being the case, the first antenna 
element sees the grounding in question as open and the 
antenna operates more efficiently as a monopole-type 
(e.g. folded monopole) antenna. This also follows that 25 
although the grounding line of the first antenna element 
is slightly shorter than a quarter of a wavelength, its ef- 
fect is smaller on the adaptation of the first antenna el- 
ement than on the adaptation of the second antenna el- 
ement and ; thus, the capacitance of the first antenna 30 
element with respect to the ground plane is lower in the 
optimum location of the first antenna element so that ra- 
diation resistance and feed impedance of the first an- 
tenna element are sufficiently high. 

[0034] The suitability of the antenna solution accord- 35 
ing to the invention for end products can be further im- 
proved with a preferred embodiment according to the 
invention, wherein the second antenna element is ar- 
ranged to also operate in the frequency range or part of 
the frequency range of a second mobile communication 40 
system. In this case, for example, an antenna structure 
can be implemented, wherein by the first antenna ele- 
ment a reception band of a broadband radio system is 
implemented. By the second antenna element, both a 
transmission band of a broadband radio system and at 45 
least one transmission band of a second radio system, 
which is e.g. a transmission band, a reception band or 
both of the GSM 1800 or GSMA1 900 system, are imple- 
mented. 

[0035] There always remains a little harmful, lossy in- so 
ter-coupling between the antenna elements, which 
makes it more difficult to implement the second antenna 
element as adjustable, in the case in question, however, 
the implementation of the second antenna element be- 
comes easier due to the first antenna element, because - 55 
the first antenna element improves slightly the adapta- 
tion of the second antenna element at a lower reso- 
nance frequency on said frequency band of the 



GSM 1 800 or GSMA1 900 systems and, thus, simultane- 
ously adds to said bandwidth. Consequently, by the an- 
tenna structure according the invention, it is possible to 
implement an antenna structure that operates both in 
2 nd and 3 rd generation mobile communication systems. 
[0036] In the antenna structure according to the in- 
vention, the antenna elements do not significantly impair 
each other's properties, whereupon it is easy to add to 
the same feeding point antenna elements that operate 
below and above the first-transmission band. Thus, the 
operation of the antenna structure according to the in- 
vention can be extended, for example, into the frequen- 
cy ranges of the GSM900 or PDC800 systems by using 
antenna elements dimensioned for the frequency rang- 
es in question. The adding of antenna elements that op- 
erate above the first frequency range is even easier, be- 
cause as the frequencies increase, the size of the an- 
tenna elements becomes smaller. It is easy to imple- 
ment in the antenna structure, for example, at least one 
of the antenna elements of the following systems: Blue- 
tooth, WLAN (Wireless Local Area Network) or GPS 
(Global Positioning System). 

[0037] According to a first aspect of the invention, 
there is implemented an antenna structure, which com- 
prises a first antenna element, a second antenna ele- 
ment, a ground plane for grounding the antenna struc- 
ture, a coupling line for coupling the first antenna ele- 
ment and the second antenna element to each other, 
and a feeding line for feeding the antenna structure 
through one feeding point, in which antenna element (= 
antenna structure!), the first antenna element is next to 
the ground plane and perpendicular to the ground plane 
and the second antenna element is above the ground 
plane and parallel to the ground plane. 
[0038] According to a second aspect of the invention, 
there is implemented a method for coupling a signal to 
an antenna structure, which comprises a first antenna 
element, a second antenna element, a ground plane for 
grounding the antenna structure, a coupling line for cou- 
pling the first antenna element and the second antenna 
element to each other, a feeding line for feeding the an- 
tenna structure, and which method comprises coupling 
signals to be transmitted and received to the antenna 
structure through one feeding point, the method com- 
prising positioning the first antenna element next to the 
ground plane and perpendicular to the ground plane and 
positioning the second antenna element above the 
ground plane parallel to the ground plane. 
[0039] According to a third aspect of the invention, 
there is implemented an antenna unit, which comprises 
an antenna structure, which antenna structure compris- 
es a first antenna element, a second antenna element, 
a ground plane for grounding the antenna structure, a 
coupling line for coupling the first antenna element and 
the second antenna element to each other, and a feed- - 
ing line for feeding the antenna structure through one 
feeding point, and which antenna structure is manufac- 
tured on an insulating material which has a base and at 
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Figure 10 
Figure 1 1 
Figure 12 
Figure 1 3 
Figure 14 
Figure 15 
Figure 1 6a 

Figure 1 6b 

Figure 1 6c 



least one wall region, which wall region reaches in a di- 
rection deviating from the base, and the shape of which 
antenna structure follows the shapes of the base and 
the wall region, and in which antenna structure the first 
antenna element is next to the ground plane and per- 5 
pendicularto the ground plane and the second antenna 
element is above the ground plane and parallel to the 
ground plane. 

[0040] According to fourth aspect of the invention, 
there is implemented a mobile station, which comprises w 
an antenna structure, which antenna structure compris- 
es a first antenna element, a second antenna element, 
a ground plane for grounding the antenna structure, a Figure 17 
coupling line for coupling the first antenna element and Figure 18 
the second antenna element to each other, and a feed- is Figure 1 9 
ing line for feeding the antenna structure through one 
feeding point, and in which antenna structure the first 
antenna element is next to the ground plane and per- 
pendicular to the ground plane and the second antenna 
element is above the ground plane and parallel to the 20 
ground plane. 

List of the Drawings 

[0041] In the following, the invention will be described 25 
in detail by referring to the enclosed drawings, in which 

Figure 1 a shows a microstrip antenna according to 

prior art, which is fed from one side; 
Figure 1b shows an L-antenna according to prior 30 

art, which is fed through a ground plane 

and an insulating material; 
Figure 2a shows a PI FA antenna according to prior 

art, which is fed from one side; 
Figure 2b shows a PIFA antenna according to prior 35 

art, which is fed through a ground plane 

and an insulating material; 
Figure 3 shows a capacitively fed microstrip an- 
tenna; 

Figure 4 shows a capacitively fed PIFA antenna; 40 
Figure 5 shows a PIFA antenna according to prior 

art, the resonance frequency of which is 

adjustable; 

Figure 6 shows a PIFA antenna according to prior 

art, which operates in two frequency 45 
ranges and comprises two separate 
feeding points; 

Figure 7 shows a PIFA antenna according to prior 

art, which operates in two frequency 
ranges and comprises one teeding point; 

Figure 8a shows an antenna structure according to 
the invention viewed from above; 

Figure 8b shows an antenna structure according to 
the invention viewed from one side; 

Figure 8c shows an antenna structure according to 
the invention viewed from the front; 

Figure 9 shows an antenna structure according to 
the invention three-dimensionally 



shows a preferred embodiment: 
shows a preferred embodiment; 
shows a preferred embodiment; 
3 shows a preferred embodiment; 
shows a preferred embodiment; 
shows a preferred embodiment; 
shows a preferred embodiment of a T- 
element; 

shows aj>referred embodiment of a T- 
element; 

shows a preferred embodiment of a T- 
element; 

shows an antenna unit; 
shows a mobile station; 
shows a preferred embodiment. 
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Detailed Description of the Invention 

[0042] The figures to be presented in the following are 
exemplary and only include the parts necessary for the 
understanding of the operating principle of an antenna 
structure 100. Of the same parts, the same reference 
numbers are used in Figures 8-19. 
[0043] Figures 8a, 8b and 8c show the antenna struc- 
ture 100 according to the invention viewed from above, 
from one side and from the front respectively. Figure 9 
in turn shows the antenna structure 1 00 according to the 
invention three-dimensionally. 

[0044] The antenna structure 100 consists of a first 
antenna element 101, a second antenna element 102, 
a ground plane 105, a coupling line 106 that connects 
the antenna elements, a feeding line 1 07 and a ground- 
ing line 108, which is coupled from the second antenna 
element 102 to the ground plane 105. Further, the first 
antenna element 101 comprises a first tuning slot 109 
and the second antenna element comprises a second 
tuning slot 110. 

[0045] Thus, the antenna structure according to the 
invention consists of a microstrip antenna and a PIFA 
antenna coupled to each other with the feeding line of 
the L-antenna. The feeding point of the antenna struc- 
ture is on the connection of the feeding line of the micro- 
strip antenna and the PIFA antenna or in the immediate 
vicinity of the connection. The microstrip antenna and 
the PIFA antenna also have tuning slots. The coupling 
line 1 06, the feeding line 1 07 and the grounding line 1 08 
are preferably microstrips, but other conductors known 
to a person skilled in the art can also be used. 
[0046] The second antenna element 102 is a quad- 
rangular plane, parallel to the ground plane. From the 
comer formed by a first and second side of the plane, 
there starts the coupling line 106 that continues away 
from the second antenna element 102 and bends to- 
wards the ground plane 105 so that it substantially de- 
viates from the plane of the second antenna element" 
102. The coupling- line 106 is reasonably narrow com- 
pared to the lengths of the sides of the second antenna 
element 102. The length of the coupling line depends 
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on the electric lengths of the desired resonance frequen- 
cy. 

[0047] The first antenna element 101 is at the end of 
the coupling line 106 and perpendicular to the ground 
plane. The first antenna element 101 is a quadrangular s 
plane., which has two shorter and two longer sides. The 
first antenna element 101 starts from the end of the cou- 
pling line 106 so that the longer sides are parallel to the 
ground plane 105 and the shorter sides are perpendic- 
ular to the ground plane 1 05. The first antenna element 10 
101 bends towards the second antenna element 102, 
parallel to the first side of the second antenna element 
102. 

[0048] By the first antenna element, the upper part of 
the frequency range of a broadband radio system (e.g. 15 
a reception band of the WCDMA system) is implement- 
ed and by the second antenna element, the lower part 
of a broadband radio system (e.g. a transmission band 
of the WCDMA system) is implemented. The sides of 
the first antenna element 1 01 are shorter than the sides 20 
of the second antenna element 1 02, whereupon the first 
antenna element 101 operates on a shorter wavelength, 
i.e. at a higher resonance frequency. Consequently, the 
area of the first antenna element 1 01 is smaller than the 
area of the second antenna element 102. In addition, 25 
the first antenna element is coupled to the ground plane 
105 less capacitively than the second antenna element 
102. 

[0049] For reducing inter-coupling, the polarisations 
of the antenna elements can be designed to differ from 30 
each other. The first antenna element 101 is, for exam- 
ple, elliptically polarised and the second antenna ele- 
ment 102 more linearly polarised. Correspondingly, de- 
pending on the positioning of an antenna element in a 
mobile station, the second antenna element 102 can be 35 
elliptically polarised and the first antenna element 101 
more linearly polarised. Linear polarisations that differ 
from each other can also be used. In this case, one of 
the antenna elements is, for example, horizontally and 
the other is vertically polarised. 40 
[0050] The polarisation of the antenna elements can 
be affected by positioning the antenna elements in di- 
rections that deviate from each other with respect to the 
ground plane. The place of the feeding point of the an- 
tenna elements with respect to the second antenna el- *s 
ement also influences the polarisation of which antenna 
element is primarily affected by the ground plane. 
[0051] The antenna structure 100 is fed from the cor- 
ner formed by the feeding line 1 06 and the second side 
of the second antenna element 102 or from its immedi- so 
ate vicinity. The feeding line 107 is coupled to at least 
one of the following: either to the coupling line -1 06 or-to 
the second antenna element 102. The feeding line 1 07 
deviates from the plane of the second antenna element 
102 and bends towards the ground plane 105. - 55 

[0052] To the end of the feeding line 1 07, for example, 
a transceiver is coupled. A transmitted signal is coupled 
from the transceiver to the end of the feeding line 107, 



from where the power of the transmitted signal is further 
coupled through the feeding line 107 to the antenna 
structure 100. When receiving, the power of the re- 
ceived signal is coupled to the antenna structure 100, 
from where the power of the received signal is coupled 
through the feeding line 107 to the end of the feeding 
line 107 and further to the transceiver. At the feeding 
point, a peak value of the current distribution of the an- 
tenna structure is generated at the resonance frequency 
of the first antenna element 101, whereupon the current 
distribution of the antenna structure and further the res- 
onance frequency, the feed impedance and the radia- 
tion pattern are affected by the positioning and dimen- 
sioning of the feeding line. 

[0053] From the second side of the second antenna 
element 102, there starts the grounding line 108, which 
is coupled to the ground plane 105. At the resonance 
frequency of the second antenna element 102, a peak 
value of the current distribution is generated in the 
grounding line. The location of the grounding line influ- 
ences in particular the current distribution, the ellipticity 
of polarisation, the optimisation of adaptation and the 
resonance frequency of the second antenna element 
102. 

[0054] Due to the tuning slots, the first and second 
antenna elements can be dimensioned to be smaller 
than without the tuning slots. This is done by dimension- 
ing, positioning and shaping the tuning slots in the an- 
tenna element according to the gain, bandwidth and ra- 
diation efficiency values required of the antenna struc- 
ture. The function of the tuning slots is also to adapt the 
resonance frequencies of the antenna elements 
1 01 ,1 02 and the antenna structure 1 00, for example, to 
50 ohms. 

[0055] The first tuning slot 1 09 starts from the side of 
the contact point of the first antenna element 101 and 
the coupling line 1 06 and it continues to the first antenna 
element 1 01 . The first tuning slot 109 starts parallel to 
the shorter sides of the first antenna element 101 and 
turns away from the coupling line 1 06 becoming parallel 
to the longer sides of the first antenna element 1 01 . 
[0056] The second tuning slot 1 1 0 starts from the sec- 
ond side of the second antenna element 1 02, from be- 
tween the feeding line 107 and the grounding line 108, 
and it continues to the second antenna element 102. 
[0057] The second tuning slot 1 1 0 goes from the sec- 
ond side of the second antenna element 102 towards 
the first side of the second antenna element 102, turns 
parallel to the first side and further away from the first 
side. 

[0058] The longer sides of the first antenna element 
101 are about 1 1 mm and the shorter ones are about 6 
mm. All the sides of the second antenna element 102 
are about 18 mm. The length of the first tuning slot is 
about 1 1 mm and the width Js.about 1 .5 mm. The length- 
of the second tuning slot is about 17 mm and the width 
is about 1 .5 mm. This being the case'the antenna struc- 
ture is dimensioned forthe WCDMA system's frequency 
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range of 1 920 - 21 70 MHz, by the first antenna element, 
information coming from a base transceiver station is 
received on a first reception band, at frequencies of 
21 1 0 - 21 70 MHz, and by the second antenna element, 
information is transmitted to a base transceiver station s 
on a first transmission band, at frequencies of 1920 - 
1 980 MHz. The resonance frequency of the first antenna 
element is above the first reception band, at a frequency 
of 2200 MHz, and the resonance frequency of the sec- 
ond antenna element is below the first transmission 10 
band, at a frequency of 1 750 MHz. In this case, with the 
solution in question, in addition to the WCDMA system's 
transmission band, also a bandwidth of 1710 - 1990 
MHz is achieved, for example, for one of the following 
systems: GSM1800, GSMA19G0, TDMA1900, is 
CDMA1900. 

[0059] The distance of the antenna structure 1 00 from 
the ground plane 1 05 influences to some extent the res- 
onance frequencies of the first 1 01 and second antenna 
element 102. The distance of the second antenna ele- 20 
ment 1 02 from the ground plane 1 05 is approximately 7 
mm. The first antenna element 101 in turn is positioned 
next to the edge of the ground plane, perpendicular to 
the ground plane 105 according to Figure 8b. The dis- 
tance of the first antenna element 1 01 from the edge of 25 
the ground plane 1 05 is approximately 5 mm and its low- 
er edge is at a height of about 3 mm from the ground 
plane 1 05 . By moving the first antenna element 1 01 with 
respect to the ground plane, the inter-coupling of the an- 
tenna elements is influenced, which decreases as the 30 
distance between the antenna elements increases. 
[0060] By implementing an antenna structure accord- 
ing to the invention in the manner described above, in- 
ter-coupling between the antenna elements 101, 102 
can be made little, the losses of the antenna structure 35 
100 sufficiently small and the gain sufficiently high on 
the required bandwidth. Furthermore, the transmitting 
second antenna element 102 can be made unilateral 
and the receiving first antenna element 101 omnidirec- 
tional, whereupon the antenna structure 100 operates 40 
well, for example, on transmission and reception bands 
of different mobile communication systems. An advan- 
tage is further achieved, in addition to those mentioned 
above, by positioning the first antenna element 101 on 
one side of the antenna structure 1 00 so that the anten- 45 
na structure can still be easily positioned in a mobile sta- 
tion. 

[0061] By improving the coupling between the reso- 
nances of the antenna element 101 and the ground 
plane 105, which is connected to a ground plane 105' so 
of a mobile station 200, it is possible to improve the ef- 
ficiency and omnidirectionality of the antenna. With ref- 
erence to Figure 19 : this can be best implemented so 
that the open end of the antenna element 1 01 is located 
in the vicinity of the upper edge U of the ground plane 55 
105' of the mobile station 200, whereupon the electric 
fields of the antenna and the ground plane are strongly 
coupled to each other at the "open" end of both radia- 



tors. This being the case, the antenna element 101 acts 
as the feeding element for the ground plane 1 05\ which 
acts as the main radiator. 

[0062] The coupling between the resonances of the 
second antenna element 1 02 and the ground plane 1 05' 
can again be reduced by placing the antenna element 
1 02 on the ground plane so that the open end, the feed- 
ing point and the ground point of the antenna element 
102 are located more ioJhe centre of the ground plane 
105* (at point M). This \s shown in the preferred embod- 
iment according to Figure 19. 

[0063] The coupling between the antenna elements 
101 and 1 02 can be reduced and the efficiency and ad- 
aptation of the antenna element 101 can be further im- 
proved by designing the coupling line 106 connecting 
the antenna elements from the input to the second an- 
tenna element 102, as well as the grounding line 108 
that reaches from the second antenna element to the 
ground so that their common electric length is a quarter 
of a wavelength at the resonance frequency of the first 
antenna 101. In this case, the antenna element 101 
sees the grounding line 1 08 as open and it will not affect 
the operation of the antenna 101 . This also follows that 
although the grounding line (of) the antenna element 

101 is slightly shorter than a quarter of a wavelength, its 
effect is smaller on the adaptation of the antenna ele- 
ment 1 01 than on the adaptation of the antenna element 

102 and, thus, the capacitance of the antenna element 
101 with respect to the ground plane should be and in- 
deed is in an optimum location lower so that the radiation 
resistance and feed impedance of the antenna element 

1 01 are sufficiently high. The adaptation measured from 
the feeding point at the resonance frequency of the first 
antenna element 101 and the second antenna element 

102 should be, for example, approximately 50 ohm. 
[0064] The first antenna element 1 01 and the second 
antenna element 1 02 can also be fed by capacitive feed 
in a manner well known to a person skilled in the art. 
This is achieved by coupling behind the antenna ele- 
ment an element that feeds it. The feeding element in 
turn is coupled to the feeding line. The feeding element 
is dimensioned so that its electric length is equal to the 
electric length of the antenna element Figure 10 illus- 
trates a preferred embodiment, wherein the operation 
of the antenna structure 100 according to the invention 
is further improved so that the second antenna element 
102 is arranged to operate on at least one frequency 
band of a second radio system. In this way, an antenna 
structure can be implemented, wherein by the first an- 
tenna element 101 , it is received, for example, on a re- 
ception band of some broadband CDMA system, and 
by the second antenna element 102, it is both transmit- 
ted on a transmission band of the broadband CDMA 
system and transmitted and/or received on at least one 
frequency band of the second radio system.- the fre- 
quency band of the second radio -system can be, for ex- 
ample, a transmission band, a reception band or both 
in the frequency range of some 2 nd generation mobile 



8 



15 



EP 1 113 524 A2 



16 



communication system. 

[0065] A first capacitive load C1 is coupled to the sec- 
ond antenna element 102. The load C1 is further cou- 
pled by a first switch S1 to the ground plane 1 05 so that 
the resonance frequency of the second antenna ele- 
ment 1 02 can be adjusted for at least one frequency 
band of the second radio system. The coupling and the 
first capacitive load can be dimensioned in a manner 
well known to a person skilled in the art so that when 
the first switch S1 is open, the second antenna element 
102 operates on a transmission band and when the first 
switch S1 is closed, on at least one frequency band of 
the second radio system. 

[0066] The coupling can be arranged so that the res- 
onance frequency of the second antenna element 102 
can be adjusted, for example, for a transmission band, 
a reception band or between the bands of the GSM 1 800 
or GSMA1900 system. In this case, it is possible to op- 
erate either on the reception band, the transmission 
band or in the whole frequency range of the GSM 1800 
or GSMA1 900 system, and space is saved, because no 
separate antenna element is required for the GSM 1800 
or GSMA1900 systems. Conventional semiconductor 
switches, such as FET switches : PIN diodes or similar 
switches can be used as the first switch S1 . In the future, 
it is possible to use, for example, so-called MEMS (Micro 
Electro Mechanical System) switches. 
[0067] Figure 11 shows a preferred embodiment of 
the invention. Because, in the antenna structure 1 00 im- 
plemented according to the invention, there is little mu- 
tual influence between the antenna elements, it is easy 
to add to the antenna structure antenna elements that 
operate below or above the first frequency range. By 
adding to the antenna structure 100 a third antenna el- 
ement 1 03 and by extending the ground plane 1 05 when 
necessary, the operation of the antenna structure 100 
according to the invention can be extended to at least 
one frequency band of a third radio system. The third 
antenna element 103 can be dimensioned in a manner 
well known to a person skilled in the art so that its res- 
onance frequency is, for example, on a transmission 
band, a reception band or between the bands of the 
GSM 900 system. In this case, it is possible to operate 
with the third antenna element 103 respectively either 
on the transmission band, the reception band or in the 
whole frequency range of the GSM900 system. The 
Ihird antenna element 103 is coupled to the feeding 
point. In Figure 1 1 , the third antenna element 1 03 is cou- 
pled to the feeding line 107. The third antenna element 
1 03 can also be coupled to the feeding point, for exam- 
ple, through both the second antenna element 102 and 
the grounding line 1 08. The third antenna element is po- 
sitioned, for example, next to the second antenna ele- 
ment 1 02 and in the same plane as the second antenna 
element 102. . - 

[0068] It is easy to add antenna elements that operate 
above the first frequency range, because as the fre- 
quencies increase, the size of the antenna elements in 



question decrease and their positioning is easy. This 
preferred embodiment is showriTn Figure 12. In the fig- 
ure in question, a fourth antenna element 104 has been 
added to the feeding point. By the fourth antenna ele- 
5 ment 104, at least one frequency band of a fifth radio 
system is implemented. The fifth radio system can be 
either a mobile communication system or at least one 
of the following systems: Bluetooth, WLAN (Wireless 
Local Area Network) or GPS (Global Positioning Sys- 
10 tern). - 

[0069] The third antenna element 103 can be made 
adjustable according to a preferred embodiment, which 
is shown in Figure 13. In Figure 13, the third antenna 
element 103 is adjustable for at least one frequency 
is band of a fourth radio system. In Figure 13, a second 
switch S2 and a third capacitive load G3 are coupled to 
the grounding line 108. The second capacitive load C2 
is further coupled from the second switch S2 to the 
ground plane 105. The third capacitive load in turn is 
20 directly coupled from the grounding line to the ground 
plane 1 05. The coupling is normally dimensioned so that 
the resonance frequency of the antenna element de- 
creases as the switch S2 closes. In this case, when the 
second switch S2 is open, the third antenna elemenM 03 
25 operates on the frequency range of the third radio sys- 
tem and when the second switch S2 is closed, the third 
antenna element 103 operates on the frequency range 
of the fourth radio system. Consequently, space is 
saved and same advantages are achieved as in the 
30 case of the second antenna element 1 02 implemented 
as adjustable. 

[0070] The third antenna element 1 03 can be dimen- 
sioned in a manner known to a person skilled in the art 
so that its resonance frequency is, for example, on a 

35 transmission band, a reception or between the bands of 
the PDC800 system. This being the case, with the third 
antenna element 103 it is possible to operate respec- 
tively either on the transmission band, the reception 
band or in the whole frequency range of the PDC800 

40 system. 

[0071] Also the fourth antenna element 104 can be 
made adjustable for at least one frequency band of a 
sixth radio system. This is done by electric loads C2, C3 
and the switch S2 as in the case of the third antenna 

45 element 103. Conventional semiconductor switches, 
such as FET switches, PIN diodes or corresponding 
switches can be used as the switch S2. In the future, 
also the MEMS switches mentioned earlier. 
[0072] According to Figure 1 3, the current and future 

50 systems can be implemented in the same feeding point 
at the frequency ranges of 1500 - 1600 MHz, 1700 - 
1990 MHz, 2120 - 2170 MHz, 2400 - 2500 MHz, 810 - 
960 MHz, depending on the application. If a sufficient 
frequency band is not achieved without the first switch 

55 S3, the.second load C2 and the third load C3, these can ,: 
be used for implementing the required bandwidth. 
[0073] In a preferred embodiment according to Figure 
14, the first antenna element bends parallel to the sec- 
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ond side of the second antenna element. 
[0074] In a preferred embodiment according to Figure 
15, a. so-called T-antenna is used as the first antenna 
element. The T-antenna can be shaped, for example, in 
the ways shown in Figures 16a, 16b, 16c or 16d. 5 
[0075] In Figure 1 7, there is an antenna unit 201 to be 
placed in a mobile station 200. The figure is given by 
way of example and it illustrates how the antenna struc- 
ture 100 can be shaped. The antenna unit 201 compris- 
es the antenna structure 1 00 according to the invention, io 
which is manufactured on an insulating material. The 
antenna elements 101, 102, 103 and 104 can be : for 2. 
example, folded and bent at the design stage, whereup- 
on the antenna structure 100 can be shaped so that it 
adapts to the shapes of the mobile station. The insulat- 15 
ing material has a base 301 and at least one wall region 
302. which wall region 302 reaches in a direction devi- 
ating from the base 301 . The shape of the antenna struc- 
ture 1 00 follows the shapes of the base 301 and the wall 
region 302. The base 301 and the wall region 302 in turn 20 3. 
are preferably shaped so that they imitate the shapes of 
the mobile station 200. The antenna unit 201 can also 
be protected, for example, by a plastic coating or a cor- 
responding insulating material. 

[0076] Figure 1 8 shows a mobile station 200 that com- 25 4. 
prises the antenna structure 1 00 according to the inven- 
tion. The representation is exemplary and illustrates a 
preferred positioning of the antenna structure 1 00 in the 
mobile station 200. The antenna structure can be inte- 
grated inside the mobile station 200 or it can be integrat- 30 
ed into an antenna unit to be connected to the mobile 
station. The antenna structure can be positioned, for ex- 
ample, in the upper part of the mobile station so that the 
first antenna element 1 01 is positioned in a comer of the 
mobile station 200. 35 
[0077] This paper presents \he implementation and 
embodiments of the present invention, with the help of 
examples. A person skilled in the art will appreciate that 
the present invention is not restricted to details of the 
embodiments presented above, and that the invention 40 5. 
can also be implemented in another form without devi- 
ating from the characteristics of the invention. The em- 
bodiments presented above should be considered illus- 
trative, but not restricting. Thus, the possibilities of im- 
plementing and using the invention are only restricted 45 6. 
by the enclosed claims. Consequently, the various op- 
tions of implementing the invention as determined by the 
claims, including the equivalent implementations, also 
belong to the scope of the invention. 

50 

7. 

Claims 

1 . An antenna structure (1 00), which comprises a first 

antenna element (101), a second antenna element 55 
(102), a ground plane (105) for grounding the an- 
tenna structure (100), a coupling line (106) for cou- 
pling the first antenna element (101) and the second 8. 



antenna element (102) to each other, and a feeding 
line (107) for feeding the antenna structure (100) 
through one feeding point, characterised in that 

the first antenna element (101) is next to the 
ground plane (105) and perpendicular to the 
ground plane (105); and 
the second antenna element (102) is on the 
ground plane (JOS) and parallel to the ground 
plane (105). 

An antenna structure (100) according to claim 1, 
characterised in that the first antenna element 
(1 01 ) is arranged to receive information on a recep- 
tion band of a broadband radio system and the sec- 
ond antenna element (1 02) is arranged to transmit 
information on a transmission band of said broad- 
band radio system. 

An antenna structure (100) according to claim 1, 
characterised in that the polarisation of the first an- 
tenna element (101) differs from the polarisation of 
the second antenna element (102). 

An antenna structure (100) according to claim 1, 
characterised in that the first antenna element 
(101) and a coupling line (106) form from the cou- 
pling line (106) towards the first antenna element 

(1 01 ) a capacitive load on a transmission band of a 
broadband radio system, as well as in the frequency 
range between the transmission and reception 
bands and also the second antenna element (102) 
and the coupling line (106) form from the coupling 
line (106) towards the second antenna element 

(102) a capacitive load on a reception band of a 
broadband radio system, as well as in the frequency 
range between the transmission and reception 
bands. 

An antenna structure (100) according to claim 1, 
characterised in that a feeding line (1 07) is coupled 
to the connection point of the coupling line (1 06) and 
the second antenna element (102). 

An antenna structure (100) according to claim 1, 
characterised in that the antenna structure (100) 
comprises at least one grounding line (108) for cou- 
pling the second antenna element (102) to the 
ground plane (105). 

An antenna structure (100) according to claim 1, 
characterised in that the coupling line (106) and 
the grounding line (108) are dimensioned so that 
their common electric lejigth is a quarter of a waver 
length at the resonance frequency of the first anten- 
na (101). - 

An antenna structure (100) according to claim 1, 
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characterised in that the first antenna element 

(101) comprises at least one first tuning slot (109) 
for determining the resonance frequency of the first 
antenna element and for adapting the antenna 
structure. s 

9. An antenna structure (100) according to claim 1, 
characterised in that the second antenna element 

(102) comprises at least one second tuning slot 
(110) for determining the resonance frequency of 10 
the second antenna element and for adapting the 
antenna structure. 

10. An antenna structure (100) according to claim 1, 
characterised in that the second antenna element *5 
(102) is arranged to operate, in addition to a trans- 
mission band of a broadband radio system, on at 
least one frequency band of a second radio system. 

11. An antenna structure (100) according to claim 1, 20 
characterised in that the antenna structure com- 
prises at least one third antenna element (103), 
which is coupled to the feeding point and arranged 

to operate on at least one frequency band of a third 
radio system, which is below the frequency range 25 
of a broadband radio system. 

12. An antenna structure (100) according to claim 10, 
characterised in that the second antenna element 
(102) is arranged by components (C1), (S1) to fur- 30 
ther operate on at least one frequency band of a 
fourth radio system, which is below the frequency 
range of a broadband radio system. 

13. An antenna structure (100) according to claim 1, 35 
characterised in that the antenna structure com- 
prises at least one fourth antenna element (104), 
which is coupled to the feeding point and arranged 

to operate on at least one frequency band of a fifth 
radio system, which is above the frequency range 40 
of a broadband radio system. 

14. An antenna structure (100) according to claim 12, 
characterised in that the third or fourth antenna el- 
ement (1 04) is adjustably arranged by components *s 
(C2), (C3), (S2) to further operate on at least one 
frequency band of a sixth radio system, which is 
above the frequency range of a broadband radio 
system. 

50 

15. An antenna structure (100) according to claim 1, 
characterised in that at least one of the antenna 
elements (101), (102). (103), (104) is a microstrip 
antenna. 

55 

16. An antenna structure (100) according to claim 1, 
characterised in that the first antenna element 
(101) is a T-element. 



17. A method for coupling a signal to an antenna struc- 
ture (100), which comprises^ first antenna element 

(101) , a second antenna element (102), a ground 
plane (105) for grounding the antenna structure 

(1 00) , a coupling line (1 06) for coupling the first an- 
tenna element (101) and the second antenna ele- 
ment (102) to each other, a feeding line (107) for 
feeding the antenna structure (100), and which 
method comprises coupling transmitted and re- 
ceived signals to tfce antenna structure (100) 
through one feeding point, characterised in that 
the method comprises 

positioning the first antenna element (101) next 
to the ground plane (105) and perpendicular to 
the ground plane (105); and 
positioning the second antenna element (102) 
above the ground plane (105) parallel to the 
ground plane (105). 

18. A method according to claim 17, characterised in 
that the method comprises receiving information on 
the reception band of a broadband radio system by 
the first antenna element (101 ) and transmitting in- 
formation on the transmission band of said broad- 
band radio system by the second antenna element 

(102) . 

19. A method according to claim 17, characterised in 
that the polarisation of the first antenna element 

(1 01 ) differs from the polarisation of the second an- 
tenna element (102). 

20. A method according to claim 17, characterised in 
that when receiving signals on a reception band of 
a broadband radio system that the first antenna el- 
ement (101) and the coupling line (106) form from 
the coupling line (106) towards the first antenna el- 
ement (101) a capacitive load on a transmission 
band of the broadband radio system, as well as in 
the frequency range between the transmission and 
reception bands and also the second antenna ele- 
ment (102) and the coupling line (106) form from 
the coupling line (106) towards the second antenna 
element (1 02) a capacitive load on a reception band 
of the broadband radio system, as well as in the fre- 
quency range of the transmission and reception 
bands. 

21. A method according to claim 17, characterised in 
that the method comprises feeding the antenna 
structure (100) from the point of contact of the cou- 
pling line (106) and the second antenna element 

(102) . 

22. A method according to claim 17, characterised in 
that the method comprises grounding the antenna 
structure (100) by coupling the second antenna el- 
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ement (102) to the ground plane (105) in at least 
one place. 

23. A method according to claim 17, characterised in 
that the method comprises determining the reso- 5 
nance frequency and adaptation of the first antenna 
element (101) by at least one first tuning slot ar- 
ranged in the first antenna element (101). 

24. A method according to claim 17, characterised in 10 
that the method comprises determining the reso- 
nance frequency and adaptation of the second an- 
tenna element (102) by at least one second tuning 
slot arranged in the second antenna element (1 02). 

15 

25. A method according to claim 17, characterised in 
that the method comprises operating with the sec- 
ond antenna element on a transmission band of a 
broadband radio system and on at least one fre- 
quency band of a second radio system. 20 

26. A method according to claim 17, characterised in 
that the method comprises operating with a third an- 
tenna element (1 03) on at least one frequency band 

of a third radio system, which is below the frequency 25 
range of a broadband radio system. 

27. A method according to claim 26, characterised in 
that the method comprises operating further on at 
least one frequency band of a fourth radio system, 30 
which is below the frequency range of a broadband 
radio system. 

28. A method according to claim 1 7, characterised in 
that the method comprises operating with a fourth 35 
antenna element (104) on at least one frequency 
band of a fifth radio system, Which is above the fre- 
quency range of a broadband radio system. 

29. A method according to claim 28, characterised in 40 
that the method comprises operating further on at 
least one frequency band of a sixth radio system, 
which is above the frequency range of a broadband 
radio system. 

45 

30. A method according to claim 17, characterised in 
that at leasl one of the antenna elements (101), 
(102), (103), (104) is a microstrip antenna. 

31. A method according to claim 17, characterised in so 
that the method comprises using a T-element as the 
first antenna element (201). 

32. A method according to claim 17, characterised in 
that the intercoupling resonance between the first 55 
and second antenna elements at the reception or 
transmission band of a radiodn system is minimized 

by strong coupling between the first antenna ele- 



ment (101) and a resonance of the ground plane 
(105), which coupling couples the energy stored in 
an intercoupling resonance arising between the first 
and second antenna element to the ground plane 
resonance which has a better radiation efficiency 
than what the intercoupling resonance has. 

33. An antenna unit (201 ), which comprises an antenna 
structure (1 00), which antenna structure (1 00) com- 
prises a first antenna element (101), a second an- 
tenna element (102), a ground plane (105) for 
grounding the antenna structure (100), a coupling 
line (106) for coupling the first antenna element 

(101) and the second antenna element (102) to 
each other, and a feeding line (107) for feeding the 
antenna structure (100) through one feeding point, 
characterised In that the antenna structure (100) 
is manufactured on an insulating material, which 
has a base (301), as well as at least one wall region 
(302), which wall region (302) reaches in a direction 
deviating from the base (301) and which shape of 
the antenna structure (100) follows the shapes of 
the base (301) and the wall region (302), and the 
first antenna element (1 01 ) of the antenna structure 

(100) is next to the ground plane (105) and perpen- 
dicular to the ground plane (105) and the second 
antenna element (102) is above the ground plane 
(105) and parallel to the ground plane (105). 

34. A mobile station (200), which comprises a first an- 
tenna element (101), a second antenna element 

(1 02) , a ground plane (1 05, 1 05') for grounding the 
antenna structure (100), a coupling line (106) for 
coupling the first antenna element (101) and the 
second antenna element (1 02) to each other, and a 
feeding line (107) for feeding the first and second 
antenna elements (101 , 102) through one feeding 
point, characterised in that the first antenna element 

(1 01 ) is next to the ground plane (1 05) and perpen- 
dicular to the ground plane (105) and the second 
antenna element (102) is above the ground plane 
(105) and parallel to the ground plane (105). 

35. A mobile station according to claim 34, character- 
ised in that the ground plane (1 05') is an elongated, 
plane-like element and the first antenna element 

(101) is placed in the vicinity of one end (U) of the 
ground plane and the second antenna element 

(1 02) is placed in the vicinity of the mid-point (M) of 
the ground plane. 
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Fig. 5 "Prior Art" 



Fig. 3 "Prior Art" 




Fig, 4 "Prior Art" 
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Fig. 8b 
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Fig. 8c 
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Fig. 16d 
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Fig. 18 
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Dimensions 



Top view 
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36 mm 
13 mm 
18 mm 
9 mm 
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Fig. 19 



Side view 
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